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(7) ABSTRACT

A multi-pattern shadow mask, shadow mask laser annealing
system, and a multi-pattern shadow mask method for laser
annealing are provided. The method comprises: supplying a
silicon substrate; supplying a multi-pattern shadow mask
with a plurality of aperture patterns; creating substrate
alignment marks; with respect to the alignment marks, laser
annealing a substrate region in a plurality of aperture pat-
terns; forming a corresponding plurality of polysilicon
regions; and, forming a corresponding plurality of transistor
channel regions in the plurality of polysilicon regions.
Typically, the shadow mask includes a plurality of sections,
with each section having at least one aperture pattern. A
shadow mask section can be selected to create a correspond-
ing aperture pattern. If the mask section includes a plurality
of aperture patterns, the selection of a section creates all the
corresponding aperture patterns in the selected section.
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MULTI-PATTERN SHADOW MASK SYSTEM AND
METHOD FOR LASER ANNEALING

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] This invention generally relates to the fabrication
of thin film transistors (TFTs) for liquid crystal displays
(LCDs) and, more particularly, to a system and method for
using a shadow mask for the laser annealing of silicon
substrates, to form precisely located polysilicon or single
crystal active regions.

[0003] 2. Description of the Related Art

[0004] The TFTs used in LCD active layer are made from
either polycrystalline or single grain crystalline silicon (Si)
films that are crystallized in response to laser annealing an
amorphous silicon precursor film. These TFTs are used to
form pixel switching devices, and/or LCD peripheral cir-
cuits, and/or electro-luminescence displays. They are also
used in the fabrication of various integrated circuits like
sensor arrays on a glass substrate.

[0005] A major industrial application of poly-Si thin film
transistors (TFT) is LCD panels with driver circuit integra-
tion on the substrates. The quality of poly-Si (polycrystal-
lized silicon) film that is the semiconductor layer of the
transistors is one of the most important factors in the
formation of TFTs, and directly affects the circuit perfor-
mance. Poly-Si films typically consist of crystal grains and
boundaries between the grains. The grains often include
crystal defects. One approach for the improvement of the
poly-Si film quality is in the use of a laser annealing method
that can crystallize amorphous silicon precursor into a
poly-Si film with fewer intra-grain defects.

[0006] High-performance TFTs require high electron
mobility through the transistor channel region. One TFT
fabrication problem is in the control of these channel loca-
tions on the substrate. That is, the channels must be located
in predetermined substrate areas that are formed from either
polycrystalline of single crystal material. Likewise, the
orientation, or “direction” of the transistor channel is impor-
tant when fitting the channel regions inside polycrystalline
regions.

[0007] As a next generation laser annealing technology, a
laser induced lateral growth crystallization technique is
described in U.S. Pat. No. 6,322,625 (Im). This technology
features the seed area of the film being localized by laser
beam irradiation, defined through a patterned projection
mask that is a shadow mask. Localized solidification occurs
laterally from the seed area. By the use of this technique, the
quality of the localized area in the poly-Si film is improved.
Along the direction of lateral growth, the grain boundaries
can be reduced dramatically. However, in the perpendicular
direction the grain boundaries are likely to be degraded even
further. Therefore, the best performing TFTs have channel
regions are formed in the localized high quality poly-Si area,
with channels formed in a direction parallel to the lateral
growth. Using this process, a semiconductor material having
regular, quasi-regular, or single-crystal structure can be
made by a technique involving localized irradiation of the
film with one or several pulses of a beam of laser radiation.
A patterned projection mask defines the localized irradiation
of the laser beam. The technique can be used in the manu-
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facture of high-speed liquid crystal display devises, wherein
pixel switches or/and driver circuitry are made in single-
crystal or regular polycrystalline films.

[0008] A technique of locating transistor channels in a
polycrystalline silicon film is disclosed in U.S. Pat. No.
6,281,470 (Adachi). The active layer of all the semiconduc-
tor elements are formed in alternating regions of silicon film
having different crystallization characteristics. However,
this process has profound limitations as an efficient fabri-
cation procedure.

[0009] 1t would be advantageous if transistor channels
could be defined more precisely in predetermined polycrys-
talline, or single crystal substrate regions.

[0010] 1t would be advantageous if a shadow mask laser
annealing process could be used more for more precisely
locating transistor channel regions.

SUMMARY OF THE INVENTION

[0011] The present invention laser annealing system and
method features the use of a shadow mask for the patterned
projection of a laser beam. The mask is divided into block
patterns called sections. The mask has the capability of
making alignment marks for the exposure equipment that
permits precision alignment. The mask also permits multi-
shot laser irradiation. Because of these features, the present
invention laser annealing apparatus is able to supply higher
performance TFTs and higher yields. The apparatus can
control the location and direction of the localized high
quality poly-Si area, to match to the layout design (forma-
tion) of the TFT channel regions.

[0012] The present invention shadow mask includes a
plurality of sections with the different aperture patterns,
corresponding the layout design of the poly-Si TFT channel
regions. Some aperture patterns are designed to form a seed
portion of the poly-Si material that is grown laterally by
stepping the position of the laser beam, through the same
aperture pattern, across the substrate. Other aperture patterns
form an alignment mark that is used by the exposure
apparatus to precisely define the location of poly-Si islands
and localized high quality poly-Si areas. The irradiation can
be done with plurality of shots per at the same substrate
position through an area of the patterned projection mask to
avoid the defects of the poly-Si film caused by the fluctua-
tion in the power of laser beam.

[0013] Accordingly, a multi-pattern shadow mask method
is provided for laser annealing, the method comprises:
supplying a silicon substrate; supplying a multi-pattern
shadow mask with a plurality of aperture patterns; creating
substrate alignment marks; with respect to the alignment
marks, laser annealing a substrate region in a plurality of
aperture patterns; forming a corresponding plurality of poly-
silicon regions; and, forming a corresponding plurality of
transistor channel regions in the plurality of polysilicon
regions.

[0014] In some aspects of the method, laser annealing in
a plurality of aperture patterns includes: laser annealing a
first area in a substrate region with a first aperture pattern;
and, step-and-repeat laser annealing in a second area, adja-
cent the first area, in the substrate region. Then, forming a
corresponding plurality of polycrystalline regions includes
laterally growing crystals in response to the step-and-repeat
laser annealing process.
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[0015] Typically, the shadow mask includes a plurality of
sections, with each section having at least one aperture
pattern. A shadow mask section can be selected to create a
corresponding aperture pattern. If the mask section includes
a plurality of aperture patterns, the selection of mask section
creates all the corresponding aperture patterns in the selected
section.

[0016] More specifically, using the shadow mask to create
the plurality of aperture patterns includes: selecting a first
mask section with a plurality of aperture patterns; using the
alignment marks, aligning the substrate with the first mask;
using the first mask section to step-and repeat laser anneal
regions in the substrate with the plurality of aperture pat-
terns; selecting a second mask section with a plurality of
aperture patterns; using the alignment marks, aligning the
substrate with the second mask; using the second mask
section to step-and repeat laser anneal regions in the sub-
strate with the plurality of aperture patterns. Then, forming
polycrystalline regions in a plurality of patterns includes:
forming a plurality of polycrystalline patterns in response to
laser annealing with the first mask section; and, forming a
plurality of polycrystalline patterns in response to laser
annealing with the second mask section.

[0017] Additional details of the above-described method,
a multi-pattern shadow mask, and a multi-pattern shadow
mask annealing system are described below.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018] FIGS. 1a through 1c are plan views of an exem-
plary present invention multi-pattern shadow mask.

[0019] FIG. 2 is a perspective view of the present inven-
tion multi-pattern shadow mask laser annealing system.

[0020] FIGS. 3a through 3c are diagrams illustrating the
use of different mask sections to promote lateral growth in
transverse directions.

[0021] FIGS. 4 and 5 illustrate the mask registration
section in detail and the resultant alignment mark formed in
a substrate, in response to using the registration section.

[0022] FIG. 6 is a plan view of a liquid crystal display
substrate with a plurality of panels, of which the first panel
is exemplary.

[0023]
FIG. 6.

[0024] FIG. 8 is a flowchart illustrating the present inven-
tion multi-pattern shadow mask method for laser annealing.

FIG. 7 is a detailed depiction of the first panel of

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

[0025] FIGS. 1a through 1c are plan views of an exem-
plary present invention multi-pattern shadow mask. As
shown in FIG. 1a, the mask 100 comprises a plurality of
shadow mask sections with apertures. Shown are sections
102, 104, 106, 108, 110, 112, 114, and 116. Each section
includes at least one substrate alignment aperture. As seen in
FIG. 1a, mask section 106 includes at least two aperture
patterns. In FIG. 1b, aperture pattern 118 is shown in detail.
Likewise, FIG. 1c¢ shows aperture pattern 120 of mask
section 108 is detail. Returning to FIG. 1a, it can be seen
that the mask 100 includes a plurality of laser annealing
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aperture patterns and that each mask section includes at least
one pattern of apertures. As in section 106 for example, each
section often includes apertures in a plurality of patterns.

[0026] Tt is typical that each mask section is defined as a
rectangle with a length and width. For example, mask
section 114 is shown as having a length 122 and a width 124.
However, the present invention mask sections are not lim-
ited to any particular shape. It is also typical to transversely
locate the rectangular mask sections on the mask 100. For
example, mask section 112 is transversely located, or per-
pendicular to mask section 114.

[0027] The shadow mask 100 includes at least one regis-
tration section with at least one substrate alignment aperture
for forming a position reference mark on a substrate. The
shadow mask 100 includes at least two corners, with a first
registration section 126 formed in a first mask corner and a
second registration section 128 formed in a second mask
corner. The aperture pattern shown is a cross shape. How-
ever, the registration section need not be placed in the
corners of the mask 100, and the aperture pattern need not
necessarily be shaped as shown.

[0028] Returning to FIG. 1b, mask section 106 includes
aperture pattern 118 formed as a rectangle with a first length
130 and first width 132. As seen in FIG. 1c, mask section
108 includes aperture pattern 120 formed as a rectangle with
a second length 134 and a second width 136. Aperture
pattern 120 can be considered to be transversely located with
respect to the first aperture 118 (see FIG. 1b). That is, the
length 134 is perpendicular to length 130.

[0029] FIG. 2 is a perspective view of the present inven-
tion multi-pattern shadow mask laser annealing system. The
system 200 comprises a laser and associated optics system
(not shown) to supply a laser beam that is represented by
reference designator 202. Also shown is a shadow mask 100,
as described in detail above. A lens 203 projects the laser
beam after it passes through the mask apertures.

[0030] The laser supplies a beam 202 which can be
defined as a rectangle with a length 204 and a width 206. The
length 204 and width 206 of the beam match the length (122)
and width (124) of the mask sections (see FIG. 1a). The
beam dimensions need not necessarily match the mask
section dimensions, but a close match promotes efficiency.

[0031] As shown with reference designator 208, the laser
is capable of transverse movement to supply a beam in a first
orientation (as shown) with respect to the shadow mask, and
a second orientation (not shown), transverse to the first
orientation. This transverse movement permits the laser
beam 202 to be moved over transversely oriented mask
sections. If the mask includes no transverse sections, the
laser beam need not be capable of transverse movement.

[0032] Also shown is a silicon substrate 210 with a
plurality of typically rectangular substrate regions. These
regions are seen as panels in FIG. 6, described below.
Alignment marks 212 and 214 are formed in at least two of
the corners of each substrate region 216 (see FIG. 1a,
reference designators 126 and 128). A plurality of polycrys-
talline patterns are formed in the substrate region 216 in
response to laser annealing with one of the shadow mask
sections. As described in more detail below, the substrate
includes polycrystalline patterns laterally grown in a first
direction in response to the first mask first aperture pattern



US 2003/0199176 Al

and polycrystalline pattern laterally grown in a second
direction, transverse to the first direction, in response to the
second mask section second aperture pattern.

Functional Description

[0033] To fabricate an LCD using the above-described
shadow mask annealing process, a Si precursor film, pref-
erably amorphous Si film deposited by a plasma CVD
(Chemical Vapor Deposition) having a thickness of 50
nanometers (nm), is formed over a protective layer (not
shown) on a glass, quartz, or plastic substrate (not shown).
The protective layer is typically a silicon oxide film having
a thickness of 500 nm.

[0034] The laser beam irradiates a section of the shadow
mask and the aperture pattern of the mask is projected
through the lens on the Si precursor film. The laser beam can
be generated by a XeCl excimer laser. As shown, the optical
system has capability of rotating at least 90 degrees. The
projection optical system is shown as a lens, but it can be an
equivalent projection or a magnificent projection system. In
the case of an equivalent projection system, the energy
density of the laser may be great enough to damage to the
shadow mask. Therefore, a durable mask material must be
used, or a technique of beam splitting and re-synthesis
before and after irradiation of the mask is required.

[0035] As shown in FIG. 1, the shadow mask has a
plurality of sections with different aperture patterns arranged
in the sections. The section dimensions are smaller than, or
preferably match the beam dimensions. The aperture layout
of each section is designed to crystallize a seed portion in the
underlying substrate, and laterally grow the Si island pat-
terns in the direction that matches the channel of the
subsequently formed TFTs. The relationship between the
aperture layout and the poly-Si islands is dependent upon the
degree of magnification in the projection optical system.
Preferably, the degree of magnification matches the expo-
sure apparatus photolithography process. Preferably, the
degree of magnification degree is 1:1.

[0036] The mask sections are selected for lateral growth in
a particular direction. That is, some mask sections have
apertures for laterally growing a crystal structure in a first
direction on the substrate, while other mask sections have
apertures for laterally growing crystal is a second direction
that is transverse (perpendicular) to the first direction.

[0037] FIGS. 3a through 3c are diagrams illustrating the
use of different mask sections to promote lateral growth in
transverse directions. FIG. 3a is a plan view of TFT with a
first channel area 31 and a second channel area 32.

[0038] FIG. 3b is a plan view of a first mask pattern with
a first aperture 33. Aperture pattern 33 is used to form the
first channel area 31 of FIG. 3a. An initial shot through the
aperture 33 produces a seed crystal area 34 on the silicon
substrate. As the mask, and more specifically the aperture
33, is stepped across the substrate in the first direction 35,
the seed crystal is laterally grown. The laterally grown
crystals are represented by reference designator 36.

[0039] FIG. 3c illustrates the next step in the crystalliza-
tion process. After area 36 is formed, a second mask section
is used with an aperture pattern 37, and the laser beam is
rotated. Aperture pattern 37 is used to for the channel region
32 of FIG. 3a. An initial shot through the aperture 37
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produces a seed crystal area 38 on the silicon substrate. As
the mask, and more specifically the aperture 37, is stepped
across the substrate in the second direction 39, the seed
crystal is laterally grown 40. Note that the first direction 35
is transverse to the second direction 39. Lateral growth areas
36 and 40 are subsequently formed into the channel regions
31 and 32 shown in FIG. 3a. In a similar manner, alternate
mask sections with different aperture patterns can be used to
create additional channel region shapes on a substrate.

[0040] FIGS. 4 and 5 illustrate the mask registration
section in detail and the resultant alignment mark formed in
a substrate, in response to using the registration section.
FIG. 4 is a plan view of the mask registration section 128
of FIG. 1. FIG. 5 is cross-sectional view (a-b) of FIG. 4.
Before the crystallization procedure, an alignment mark is
projected on the Si precursor film at a predetermined loca-
tion. The aperture pattern shown in FIG. 4 is “cross-
shaped”, but other patterns would also be practical. Irradi-
ating a laser beam through the pattern leads to the ridge 53
of the Si film 52 that can be detected by a pattern recognition
system installed in a photolithography exposure apparatus.

[0041] FIG. 6 is a plan view of a liquid crystal display
substrate 61 with a plurality of panels, of which the first
panel 62 is exemplary. Assuming that a panel corresponds to
one shot of the exposure in a photolithograph step, the panel
layout would require at least one alignment mark, as
described above.

[0042] FIG. 7 is a detailed depiction of the first panel 62
of FIG. 6. Alignment marks 76 and 77 are made as described
above. The areas of data line driver circuits 72 and 73, and
scan line driver circuits 74 are crystallized through three
different corresponding sections of the shadow mask. The
pixel region 75 is crystallized as sub-areas (separated by
dotted lines), where each sub-area is formed using the same
shadow mask section. That is because each sub-area forms
the same arrangement of TFTs. Alternately, some of the
sub-areas can have different TFT layouts and, as a result, are
formed using different shadow mask sections.

[0043] After the crystallization process, the silicon islands
are defined through the conventional photolithography pro-
cess steps, followed by the conventional process steps to
complete TFT device. The application of the present inven-
tion poly-Si process is not limited to liquid crystal displays.
It can also be used to fabricate other products like sensors,
data processors, and the like.

[0044] FIG. 8 is a flowchart illustrating the present inven-
tion multi-pattern shadow mask method for laser annealing.
Although this method is depicted as a sequence of numbered
steps for clarity, no order should be inferred from the
numbering unless explicitly stated. It should be understood
that some of these steps may be skipped, performed in
parallel, or performed without the requirement of maintain-
ing a strict order of sequence. The methods start at Step 800.
Step 802 supplies a silicon substrate. Step 804 creates
substrate alignment marks. Step 806, with respect to the
alignment marks, laser anneals a substrate region in a
plurality of aperture patterns. Step 808 forms a correspond-
ing plurality of polycrystalline regions. Step 810 forms a
corresponding plurality of transistor channel regions in the
plurality of polycrystalline regions. When the substrate is
silicon, Step 810 forms polysilicon regions.

[0045] 1In some aspects of the method, laser annealing a
substrate region in a plurality of aperture patterns with
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respect to the alignment marks in Step 806 includes forming
a rectangular substrate region with alignment marks in at
least two substrate region corners.

[0046] In other aspects, laser annealing in a plurality of
aperture patterns in Step 806 includes substeps. Step 806a
laser anneals a first substrate region with a first pattern. Step
806b laser anneals a second substrate region with a second
pattern.

[0047] Insome aspects, laser annealing in a first substrate
region with a first aperture pattern in Step 806a includes
substeps. Step 806al laser anneals a first area of the first
substrate region with the first aperture pattern. Step 80642
step-and-repeat laser anneals in a second area, adjacent the
first area, in the substrate region. Typically, the step-and-
repeat annealing process includes the repetition of Step
806b2 many times. Then, forming a corresponding plurality
of polycrystalline regions in Step 808 includes laterally
growing crystals in response to the step-and-repeat laser
annealing process. Other polycrystalline regions are formed
through equivalent substeps.

[0048] 1Insome aspects, Step 801a supplies a multi-pattern
shadow mask with a plurality of aperture patterns. Then,
laser annealing in a plurality of aperture patterns in Step 806
includes using the shadow mask to create the plurality of
aperture patterns. Typically, the shadow mask includes a
plurality of sections, each section having at least one aper-
ture pattern. Then, using the shadow mask to create the
plurality of aperture patterns in Step 806 includes selecting
a shadow mask section to create a corresponding aperture
pattern in the substrate.

[0049] In some aspects, supplying a shadow mask with a
plurality of sections in Step 801la includes supplying a
shadow mask with a first section having a first aperture
pattern and a second section having a second aperture
pattern. Then, using the shadow mask to create the plurality
of aperture patterns in Step 806 includes other substeps. For
example, Step 806a can laser anneal with a first aperture
pattern in response to using the shadow mask first section.
Likewise, Step 8065 can laser anneal with a second aperture
pattern in response to using the shadow mask second sec-
tion.

[0050] In other aspects, supplying a shadow mask with a
plurality of sections in Step 801a includes each shadow
mask section having a plurality of aperture patterns. Then,
Step 806 includes creating a plurality of aperture patterns in
response to using each shadow mask section. Using the
shadow mask to create the plurality of aperture patterns can
include other substeps. Step 806¢ selects a first mask section
with a plurality of aperture patterns. Step 806f, using the
alignment marks, aligns a substrate region with the first
mask. The alignment marks may have been formed earlier in
the process. Step 806g uses the first mask section to step-
and-repeat laser anneal regions in the substrate with the
plurality of aperture patterns. Step 806/ selects a second
mask section with a plurality of aperture patterns. Step 806:
using the alignment marks, aligns a substrate region with the
second mask. Step 806 uses the second mask section to
step-and repeat laser anneal regions in the substrate with the
plurality of aperture patterns. Then, forming polycrystalline
regions in a plurality of patterns in Step 808 includes
substeps. Step 808a forms a plurality of polycrystalline
patterns in response to laser annealing with the first mask
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section. Step 808b forms a plurality of polycrystalline pat-
terns in response to laser annealing with the second mask
section.

[0051] Insome aspects, forming a corresponding plurality
of transistor channel regions in Step 810 includes forming a
liquid crystal display (LCD) panel with regions such as pixel
regions, gate driver regions, source driver regions, digital-
to-analog converter regions, analog amplifier regions, shift
register regions, memory regions, and microprocessor
regions.

[0052] In other aspects of the method, supplying a shadow
mask with a plurality of sections in Step 801a includes
supplying a shadow mask with a first section having a first
aperture pattern and a second section having a second
aperture pattern. Then, using the shadow mask to create the
plurality of aperture patterns in Step 806 includes other
substeps. For example, Step 806g may step-and-repeat laser
anneal in a first direction on the substrate using the first
aperture pattern of the shadow mask first section. Step 806
may step-and-repeat laser anneal in a second direction,
transverse to the first direction, on the substrate using a
second aperture of the shadow mask second section.

[0053] Some aspects the method further comprises a step,
Step 801b, of supplying a transverse orienting laser beam.
Then, laser annealing in the first direction in Step 806k
includes orienting the laser beam in a first orientation. Laser
annealing in the second direction in Step 8061 includes
orienting the laser beam in a second orientation, transverse
to the first orientation.

[0054] A system and method for laser annealing using a
multi-section shadow mask have been provided. Examples
have been provided for a shape and organization of the
mask, but other possibilities are practical. Examples have
also been given for the use and end-products resulting from
the use of the mask, however, the present invention is not
limited to just these examples. Other variations and embodi-
ments will occur to those skilled in the art.

We claim:
1. A multi-pattern shadow mask method for laser anneal-
ing, the method comprising:

creating substrate alignment marks;

with respect to the alignment marks, laser annealing a
substrate region in a plurality of aperture patterns; and,

forming a corresponding plurality of polycrystalline
regions.
2. The method of claim 1 further comprising:

forming a corresponding plurality of transistor channel
regions in the plurality of polycrystalline regions.
3. The method of claim 1 further comprising:

supplying a silicon substrate; and,

wherein forming a corresponding plurality of polycrys-
talline regions includes forming polysilicon regions.

4. The method of claim 3 wherein laser annealing a
substrate region in a plurality of aperture patterns with
respect to the alignment marks includes forming a rectan-
gular substrate region with alignment marks in at least two
substrate region corners.

5. The method of claim 4 wherein laser annealing in a
plurality of aperture patterns includes:
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laser annealing a first substrate region with a first aperture
pattern; and,

laser annealing a second substrate region with a second
aperture pattern.
6. The method of claim 5 wherein laser annealing in a first
substrate region with a first aperture pattern includes:

laser annealing a first area of the first substrate region with
the first aperture pattern;

step-and-repeat laser annealing in a second area, adjacent
the first area, in the substrate region; and,

wherein forming a corresponding plurality of polycrys-
talline regions includes laterally growing crystals in
response to the step-and-repeat laser annealing process.
7. The method of claim 6 further comprising:

supplying a multi-pattern shadow mask with a plurality of
aperture patterns; and,

wherein laser annealing in a plurality of aperture patterns
includes using the shadow mask to create the plurality
of aperture patterns.

8. The method of claim 7 wherein supplying a multi-
pattern shadow mask with a plurality of aperture patterns
includes supplying a shadow mask with a plurality of
sections, each section having at least one aperture pattern;
and,

wherein using the shadow mask to create the plurality of
aperture patterns includes selecting a shadow mask
section to create a corresponding aperture pattern in the
substrate.

9. The method of claim 8 wherein supplying a shadow
mask with a plurality of sections, each section having at least
one aperture pattern, includes supplying a shadow mask
with a first section having a first aperture pattern and a
second section having a second aperture pattern; and,

wherein using the shadow mask to create the plurality of
aperture patterns includes:

laser annealing with a first aperture pattern in response to
using the shadow mask first section; and,

laser annealing with a second aperture pattern in response

to using the shadow mask second section.

10. The method of claim 9 wherein supplying a shadow
mask with a plurality of sections, each section having at least
one aperture pattern, includes each shadow mask section
having a plurality of aperture patterns; and,

wherein using the shadow mask to create the plurality of
aperture patterns includes creating a plurality of aper-
ture patterns in response to using each shadow mask
section.
11. The method of claim 10 wherein using the shadow
mask to create the plurality of aperture patterns includes:

selecting a first mask section with a plurality of aperture
patterns;

using the alignment marks, aligning a substrate region
with the first mask;

using the first mask section to step-and-repeat laser anneal
regions in the substrate with the plurality of aperture
patterns;
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selecting a second mask section with a plurality of aper-
ture patterns;

using the alignment marks, aligning a substrate region
with the second mask;

using the second mask section to step-and repeat laser
anneal regions in the substrate with the plurality of
aperture patterns; and,

wherein forming polycrystalline regions in a plurality of
patterns includes:

forming a plurality of polycrystalline patterns in
response to laser annealing with the first mask sec-
tion; and,

forming a plurality of polycrystalline patterns in
response to laser annealing with the second mask
section.

13. The method of claim 12 wherein forming a corre-
sponding plurality of transistor channel regions in the plu-
rality of polycrystalline regions includes forming a liquid
crystal display (LCD) panel with regions selected from the
group including pixel regions, gate driver regions, source
driver regions, digital-to-analog converter regions, analog
amplifier regions, shift register regions, memory regions,
and microprocessor regions.

14. The method of claim 8 wherein supplying a shadow
mask with a plurality of sections, each section having at least
one aperture pattern, includes supplying a shadow mask
with a first section having a first aperture pattern and a
second section having a second aperture pattern; and,

wherein using the shadow mask to create the plurality of
aperture patterns includes:

step-and-repeat laser annealing in a first direction on
the substrate using the first aperture pattern of the
shadow mask first section; and,

step-and-repeat laser annealing in a second direction,
transverse to the first direction, on the substrate using
a second aperture of the shadow mask second sec-
tion.
15. The method of claim 14 further comprising:

supplying a transverse orienting laser beam;

wherein laser annealing in the first direction includes
orienting the laser beam in a first orientation; and,

wherein laser annealing in the second direction includes
orienting the laser beam in a second orientation, trans-
verse to the first orientation.

16. A multi-pattern shadow mask comprising:

a plurality of shadow mask sections;
at least one substrate alignment aperture;
a plurality of laser annealing aperture patterns; and,

wherein each mask section includes at least one pattern of
apertures.

17. The shadow mask of claim 16 wherein each section
includes apertures in a plurality of patterns.

18. The shadow mask of claim 15 wherein each section is
defined as a rectangle with a length and a width.

19. The shadow mask of claim 18 wherein the plurality of
shadow mask sections include a first section and a second
section, transversely located with respect to the first section.
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20. The shadow mask of claim 18 wherein the mask
includes at least one registration section with at least one
substrate alignment aperture for forming a position reference
mark on a substrate.

21. The shadow mask of claim 20 in which the mask
includes at least two corners;

wherein a first registration section is formed in a first
mask corner; and,

wherein a second registration section is formed in a
second mask corner.
22. The shadow mask of claim 17 wherein a first mask
section includes a first aperture pattern formed as a rectangle
with a first length and first width; and,

wherein a second mask section includes a second aperture
pattern formed as a rectangle with a second length and
a second width, transversely located with respect to the
first aperture.
23. A multi-pattern shadow mask laser annealing system,
the system comprising:

a laser to supply a laser beam; and,

a shadow mask including:

a plurality of shadow mask sections;

at least one substrate alignment aperture;

a plurality of laser annealing aperture patterns; and,

wherein each mask section includes at least one pattern of

apertures.

24. The laser annealing system of claim 23 wherein each
shadow mask section includes apertures in a plurality of
patterns.

25. The laser annealing system of claim 23 wherein the
laser supplies a beam defined as a rectangle with a length
and a width; and,

wherein each mask section is defined as a rectangle with
the length the width.

26. The laser annealing system of claim 25 wherein the

laser is capable of transverse movement to supply a beam in
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a first orientation with respect to the shadow mask and a
second orientation, transverse to the first orientation; and,

wherein the plurality of mask sections include a first
section and a second section, transversely located with
respect to the first section.

27. The laser annealing system of claim 25 wherein the
mask includes at least one registration section with at least
one substrate alignment aperture for forming a position
reference mark on a substrate.

28. The laser annealing system of claim 27 wherein the
mask includes at least two corners;

wherein the mask includes a first registration section
formed in a first mask corner, and a second registration
section formed in a second mask corner.
29. The laser annealing system of claim 28 further com-
prising:

a silicon substrate including a plurality of rectangular
substrate regions, each substrate region having align-
ment marks formed in at least two of corners in
response to the mask registration sections, and a plu-
rality of polycrystalline patterns formed in response to
laser annealing with a shadow mask section.

30. The laser annealing system of claim 29 wherein a first

mask section includes a first aperture pattern formed as a
rectangle with a first length and first width; and,

wherein a second mask section includes a second aperture
pattern formed as a rectangle with a second length and
a second width, transversely located with respect to the
first aperture.

31. The laser annealing system of claim 30 wherein the
substrate includes a first polycrystalline pattern laterally
grown in a first direction in response to the first mask first
aperture pattern and a second polycrystalline pattern later-
ally grown in a second direction, transverse to the first
direction, in response to the second mask section second
aperture pattern.



